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complemented those of the
community, Levine and the
Institute teamed up to establish
the Ciona genome project, which
has included a key collaboration
with an established Ciona
genomics group led by Nori Satoh
in Japan.
As Ciona is an experimental
organism, the functional genomics
side of the project benefitted
significantly from expertise Levine
gained in his own lab, according
to JGI’s Dan Rokhsar. The
Institute’s successful efforts to
scale up the identification of
regulatory regions, which brought
live animals and an additional wet
lab component to the JGI, has
identified 20–30 new enhancers so
far. Annotation of the genome
sequence is also ongoing,
boosted by a meeting hosted by
the JGI this spring that drew an
international group of tunicate
researchers.
What is the Institute taking on
next? Three kingdoms, as it turns
out: genome projects for
Chlamydomonas, Xenopus
tropicalis, and Poplar are all in the
works. Both Chlamydomonas and
Poplar are of special interest to
the DOE for their genetic
tractability and potential use in
understanding carbon
sequestration. Furthest along is
the Chlamydomonas project, with
sequencing wrapping up soon
and an annotation meeting
planned for the fall.
The Xenopus project is a joint
effort with academic researchers
led by Rob Grainger of the
University of Virginia and Richard
Harland of UC Berkeley, and is
partially funded by the EPA, owing
to the frog’s utility as a sentinel
organism for environmental
toxicity. A genetically amenable
cousin of X. laevis, tropicalis has a
much smaller, diploid genome,
and a growing community of
researchers developing molecular
and genetic tools designed for
studying it as a key model
organism.
According to Paul Richardson
of the JGI’s functional genomics
group, all three projects got
started through close discussions
with the various research
communities involved, a process
that JGI hopes to see mature into
a more established mechanism
involving peer-reviewed
proposals and hands-on
collaborations with lab heads and
postdocs.
In the coming years, the JGI’s
resources will be split fairly evenly
between DOE initiatives and
projects based in the broader
scientific community, according to
Marvin Frazier, Director of the
Office of Science’s Life Sciences
division, which oversees the JGI
and related projects. In the longer
term, a good portion of the JGI’s
activity will likely stem from the
DOE’s newly unveiled Genomes to
Life initiative, a wide-ranging,
long-term plan that will employ
the resources of the Office of
Biological and Environmental
Science, as well as the Office of
Advanced Scientific Computing,
to understand at an integrated,
‘systems’ level the biology
underlying energy production,
carbon management, and
bioremediation.
With those goals, the initiative
should give the JGI an opportunity
to shine in an area it knows well:
microbial genomics. With much
experience gained through its
past involvement with the DOE’s
Microbial Genomes Project, and a
multitude of ongoing projects, the
JGI will be called upon to tackle
the genomes not only of single
organisms with unusual metabolic
characteristics, but also so-called
microbial consortia – complex
communities of microbes, often
not culturable in the laboratory,
that are isolated from harsh or
toxic environments.
The JGI has their work cut out
for them. Given Genomes to Life’s
stated objective of contributing to
‘a fundamental, comprehensive,
and systematic understanding of
life,’ calling the initiative ambitious
borders on understatement. This
is something readily
acknowledged by the DOE’s
Marvin Frazier: ‘It’s audacious!
But so was the Human Genome
Project when we started.’
Following the JGI’s successful
contribution to that
groundbreaking enterprise, the
Institute now seems poised to
once again help make the
audacious dreams of researchers
a reality.
Quick guide
Opsins and
melanopsins
Russell G. Foster and James
Bellingham
What are opsins? Opsins are
generally considered members of
the superfamily of G-protein
coupled receptors. But not all
opsins activate a G-protein. Their
distinguishing features are a 7
transmembrane α-helical
structure, and an ability to bind a
vitamin A chromophore,
retinaldehyde, using a lysine in
the 7th α-helix. The range of
amino acid identity among opsin
families is 22–40%, and they have
~17% identity to other hepta-
helical receptor families.
How do they work? Two well
established functions are those of
photosensor and photoisomerase
(Figure 1). In the photosensory
opsins the chromophore, 11-cis-
retinal, is located in a cage
formed by the α-helices. Light is
absorbed by 11-cis-retinal which
is photoisomerised to all-trans.
This conformational change
allows the opsin to bind the α-
subunit of the G-protein
transducin. In the rods and cones
of the retina G-protein activation
leads to hyper-polarisation of the
photoreceptor through cGMP-
gated cation channels. The
photoisomerase function is
exhibited by retinal G-protein
coupled receptor (RGR) opsin,
expressed in the retinal pigment
epithelium. It binds all-trans-
retinal and uses light to convert it
to the 11-cis configuration.
Photoisomerisation is not thought
to activate a G-protein but
supplies the rod and cone opsins
with 11-cis chromophore.
How many opsin families are
there in vertebrates? On the
basis of sequence similarity there
are 14: 7 are photosensory,
including the 4 cone and 1 rod-
opsin families, pineal-opsins, and
vertebrate ancient (VA) opsins,
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first isolated from retinal
horizontal and amacrine cells of
teleost fish. Four other families,
exorhodopsin, parapinopsin, tmt-
opsin and encephalopsin, share
relatively high levels of identity
with the photosensory opsins
(30–40%) but functional data are
lacking. Other opsin families
include RGR-opsin, melanopsin,
and peropsin, a presumed
photoisomerase.
Why look for more
photosensory and
photoisomerase opsins?
Photoreception is not limited to
the rods and cones, but can
occur in cells of the inner retina,
pineal, brain or skin. Action
spectra for these photoresponses
have implicated opsin/vitamin A
based photopigments, but the
photosensory genes and proteins
remain unknown. It is also unclear
how photopigment chromophore
is regenerated in photoreceptors
that lack an retinal pigment
epithelium-like structure. The
assumption has been that there
will be a ‘local’ photoisomerase to
perform this task, but none has
been identified.
What is melanopsin and where
is it expressed? Melanopsin was
first isolated from the photo-
sensitive melanophores of
Xenopus. Orthologues have been
found in most vertebrate classes,
including mammals. All show little
homology to the photosensory
opsins and to each other. In
mammals, melanopsin is
expressed in a subset of
photosensitive retinal ganglion
cells, and in non-mammals, in
photoreceptive structures such as
the pineal and hypothalamus.
Are melanopsins photosensors
or photoisomerases? The
expression of melanopsin in
photoreceptors could indicate
either a photosensory or
photoisomerase function, but
their homology to the known
opsins predicts neither. If the
melanopsins are novel
photosensors then it will be
critical to show that melanopsin
not only binds retinal to form a
photopigment with a sensitivity
maxima predicted by action
spectra, but that the
melanopsin–chromophore
complex can activate a
phototransduction cascade. It is
also possible that the
melanopsins act as both
photosensors and
photoisomerases, and in this
respect resemble the invertebrate
photopigments.
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Primer
The evolution of
longevity
Linda Partridge and David Gems
Longevity varies greatly in the
living world. For instance birds are
longer-lived than comparably sized
mammals. Even amongst
mammals, whales are capable of
living two orders of magnitude
longer than shrews, with confirmed
lifespans of 211 years. A species’
lifespan is usually greater in
captivity than in nature, because of
the removal of extrinsic hazards to
survival, but the pattern of species
differences remains the same.
There is an intrinsic limit to
lifespan, and ageing is the process
that sets this limit. Older adults
become less fecund and more
likely to die (Figure 1), and their
prospects of making a genetic
contribution to the next generation
thus decline.
Ageing is the accumulation of
damage to macromolecules,
organelles, cells and tissues. No
genes are known to have evolved
specifically to cause damage and
ageing. Nonetheless, the
characteristically different
lifespans seen among species
indicate that the rate of ageing
does evolve. The evolution of
longevity can be understood only
as a side-effect of the evolution of
something else. Yet numerous
genes have been identified that
accelerate ageing, for example
those involved in insulin/insulin-like
growth factor (IGF) signalling in
invertebrates. Furthermore, their
role in ageing appears to be
widespread among animal species.
How can this be explained?
How does ageing evolve?
In a hypothetical population in
which ageing is absent, death will
still occur, because of extrinsic
hazards from disease, predation
and accidents. Peter Medawar
pointed out that any new mutation
that enters such a population and
that has an effect on fitness at
later ages will encounter a
reduced force of natural selection.
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Figure 1. Vertebrate opsins are known to
act as photosensors, where light induces
a conformation change in the chro-
mophore from the 11-cis-retinal to the
all-trans configuration. This changes the
opsin shape and results in the activation
of a G-protein. Opsins that act as photo-
isomerases use light energy to convert
all-trans-retinal into the 11-cis configura-
tion, and supply photosensory opsins
with chromophore.
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